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(54) Method and system for reporting disk utilisations for disk subsystems 



(57) The present invention provides a method and 
system for reporting disk utilisation in a computer sys- 
tem (200). The method includes collecting at least one 
parameter pertaining to a disk array (206) in a disk sub- 
system (202) by a processor (210) in the disk subsystem 
(202); transferring the at least one parameter from the 
processor (210) to an open system host (204); and cal- 
culating disk utilisation based upon the at least one pa- 
rameter. The method and system is able to provide disk 



utilisation which is understandable to the open system 
host (204). In a preferred embodiment, the disk utilisa- 
tion is provided by collecting the relevant parameters 
from the microcode in the processor (210) of the disk 
subsystem (202), and then calculating the average disk 
utilisation per disk based upon the parameters. Thus, 
an open system host (204) is able to obtain a useful 
characteristic for determining the performance of the 
disk subsystem. 
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Description 

[0001] The pres nt inv ntion relates to computer sys- 
t ms, and mor specifically to disk subsystems in corn- 
put r systems. 

[0002] Mainframe disk subsystems are well known in 
the art. Figure 1 illustrates a mainframe computer sys- 
tem with a conventional disk subsystem. The computer 
system 100 includes a disk subsystem 102 and a host 
104. The disk subsystem 102 includes a disk array 106, 
a cache 108, and a processor 110 which controls the 
functioning of the disk subsystem 102. The host 104 
comprises software specifically for communication with 
the disk subsystem 1 02, and does so by interfacing with 
the processor 1 1 0. One of the functions of the processor 
110 is to provide statistics and other characteristics of 
the disk array 106 to the host 104. Examples of disk 
characteristics of interest to the host 104 include a table 
of ownership, the amount of space used on the disks 
106, and performance characteristics. An important per- 
formance characteristic is disk utilisation, which tells the 
host 104 how busy each disk is in the array 106. In a 
mainframe environment, as illustrated in Figure 1, ob- 
taining the disk utilisation characteristic is well known in 
the art. However, a problem arises when the disk sub- 
system attempts to communicate with open system 
hosts, such as hosts which run UNIX, Windows NT, or 
some other type of open operating system. The param- 
eters relevant to disk characteristics sent from the proc- 
essor 110 to the host 104 is not in a format which is un- 
derstandable by the open system host. Thus, in an open 
systems environment, the open system host is unable 
to obtain disk characteristics, including the disk utilisa- 
tion characteristic. 

[0003] Accordingly, there exists a need for a method 
and system for providing parameters for a disk subsys- 
tem to an open system host. The method and system 
should be able to provide disk utilisation which is under- 
standable to the open system host. The present inven- 
tion seeks to address such a need. 
[0004] According to one aspect of the present inven- 
tion, a method is provided, for reporting disk utilisation 
in a computer system, comprising the steps of: 

(a) collecting at least one parameter pertaining to a 
disk array in a disk subsystem by a processor in the 
disk subsystem; 

(b) transferring the at least one parameter from the 
processor to an open system host; and (c) calculat- 
ing disk utilisation based upon the at least one pa- 
rameter. 

[0005] According to a second aspect of the present 
invention, a computer system is provided, comprising: 
a disk subsystem, comprising: a disk array, and a proc- 
essor coupled to th disk array, the processor being ca- 
pabl of collecting at least on paramet r p rtaining to 
the disk array and transf rring the at least on parame- 



ter to an op n system host; and the open system host 
coupled to th disk subsystem, the op n system host 
being capable of receiving the at least on parameter 
and calculating a disk utilisation based upon th at least 

s oneparam t r. 

[0006] According to a third aspect of the present in- 
vention, a computer readable medium is provided with 
computer instructions for reporting disk utilisation in a 
computer system, the instructions being for 

10 (a) collecting at least one parameter pertaining to a disk 
array in a disk subsystem by a processor in the disk sub- 
system; (b) transferring the at least one parameter from 
the processor to an open system host; and (c) calculat- 
ing disk utilisation based upon the at least one paranv 

is eter. 

[0007] The present invention provides a method and 
system for reporting disk utilisation in a computer sys- 
tem. The method includes collecting at least one param- 
eter pertaining to a disk array in a disk subsystem by a 

20 processor in the disk subsystem; transferring the at least 
one parameter from the processor to an open system 
host; and calculating disk utilisation based upon the at 
least one parameter. The method and system is able to 
provide disk utilisation which is understandable to the 

25 open system host. 

[0006] In a preferred embodiment, the disk utilisation 
is provided by collecting the relevant parameters from 
the microcode in the processor of the disk subsystem, 
and then calculating the average disk utilisation per disk 

30 based upon the parameters. Thus, an open system host 
is able to obtain a useful characteristic for determining 
the performance of the disk subsystem. Preferably, the 
open system host comprises a database for storing the 
at least one parameter. 

35 [0009] One embodiment of a method for reporting 
disk utilisation in a computer system according to the 
present invention, comprises the steps of: 

(a) collecting at least one parameter pertaining to a 
*o disk array in a disk subsystem by a specialist in a 

processor in the disk subsystem; 

(b) transferring the at least one parameter from the 
specialist to an expert in an open system host; and 

(c) calculating disk utilisation by the expert based 
& upon the at least one parameter. 

[0010] One embodiment of a computer system ac- 
cording to the invention, comprises: a disk subsystem, 
comprising: a disk array; and a processor coupled to the 

so disk array, comprising a specialist for collecting at least 
one parameter pertaining to the disk array and transfer- 
ring the at least one parameter to an open system host; 
and the open system host coupled to the disk subsys- 
tem, comprising an expert for receivrig the at least one 

55 parameter and calculating a disk utilisation based upon 
the at least one param ter. 

[001 1] Y t a further embodiment of a m thod accord- 
ing to th invention for reporting disk utilisation in a com- 
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put r system, comprises th st psof: (a) requesting at 
least one disk characteristic pertaining to a disk array in 
a disk subsystem by a user at an open system host; (b) 
s nding a request for th at least one pa ram ter from 
an expert in th open syst m host to a specialist in a 
processor in the disk subsystem, wherein the at least 
one parameter is relevant to the at least one disk char- 
acteristic; 

(c) collecting the at least one parameter by the specialist 
from microcode in the processor according to the re- 
quest; (d) transferring the at least one parameter from 
the specialist to the expert; (e) storing the at least one 
parameter in a database on the open system host; and 
(f) calculating a disk utilisation using a disk utilisation 
routine in the expert. 

[0012] The disk subsystem may be an Enterprise 
Storage Server (ESS) disk subsystem. Also, the open 
system host may be an UNIX or a Windows system host. 
[0013] For a better understanding of the present in- 
vention reference will now be made to the accompany- 
ing drawings, in which, by way of example: 

Figure 1 illustrates a mainframe computer system 
with a conventional disk subsystem; 

Figure 2 illustrates a preferred embodiment of a 
computer system with a disk subsystem in accord- 
ance with the present invention; 

Figure 3 is a flow chart illustrating a preferred em- 
bodiment of reporting disk utilisation in accordance 
wrth the present invention; and 

Figure 4 is a flow chart illustrating in more detail the 
reporting of disk utilisation in accordance with the 
present invention. 

[0014] The present invention provides a method and 
system for providing parameters for a disk subsystem 
to an open system host. The following description is pre- 
sented to enable one of ordinary skill in the art to make 
and use the invention and is provided in the context of 
a patent application and its requirements. Various mod- 
ifications to the preferred embodiment will be readily ap- 
parent to those skilled in the art and the generic princi- 
ples herein may be applied to other embodiments. Thus, 
the present invention is not intended to be limited to the 
embodiment shown but is to be accorded the widest 
scope of the appended claims consistent with the prin- 
ciples and features described herein. 
[0015] Figure 2 of the drawings shows a computer 
system 200, which comprises a disk subsystem 202 and 
an open system host 204. Traditional mainframe hosts 
(not shown) may also communicate with the disk sub- 
system 202. The disk subsystem 202 comprises a disk 
array 206, a cache 208, and a processor 21 0 which con- 
trols th functioning f the disk subsystem 202. Th 
open system host 204 communicates with th disk sub- 



system 202 by interfacing with th processor 21 0 via an 
Intern t connection. Softwar resides in th processor 
210 and the open system host 204 to facilitate this com- 
munication; the processor 210 comprises the specialist 

s software 21 2, and the op n system host 204 comprises 
the expert software 21 4. Clearly, software functions may 
be reproduced by hardware configurations and through- 
out the specification the terms •specialist' and "expert" 
used alone are intended to cover either software or 

10 hardware capable of performing the required functions. 
[001 6] One of the functions of the specialist 21 2 is to 
gather certain parameters from the microcode (not 
shown) within the processor 210 which pertain to disk 
characteristics and transfers them to the expert 214 in 

is the open system host 204. One of the functions of the 
expert 214 is to receive the parameters from the spe- 
cialist 21 2 and to generate reports concerning disk char- 
acteristics based upon the parameters. The reports may 
be in tabular or graphical form. For the computer system 

20 200, microcode within the processor 210 does not pro- 
vide disk utilisation directly. Thus, the expert 214 com- 
prises a software routine 216 which calculates disk uti- 
lisation from the parameters provided by the microcode 
via the specialist 212. An example of a disk subsystem 

25 which may be used in the computer system 200 is the 
ENTERPRISE STORAGE SERVER (ESS) disk subsys- 
tem developed by INTERNATIONAL BUSINESS MA- 
CHINES CORPORATION. In the ESS disk subsystem, 
the disk array 206 is a RAID array, which is well known 

30 in the art. 

[0017] Figure 3 is a flow chart illustrating a preferred 
embodiment of reporting disk utilisation in accordance 
with the present invention. First, the specialist 21 2 in the 
processor 210 of the disk subsystem 202 collects the 

35 parameters, via step 302. Next, the parameters are 
transferred from the specialist 212 to the expert 214 in 
the open system host 204, via step 304. Then, the expert 
214 calculates the disk utilisation from the parameters, 
via step 306. In the preferred embodiment, the calcula- 

40 tion is performed with a disk utilisation routine 21 6 in the 
expert 214. The disk utilisation, along with other disk 
characteristics, may be displayed by the expert 214 in 
the form of a report. 

[0018] Figure 4 is a flow chart illustrating in more de- 
45 tail the reporting of disk utilisation in accordance with 
the present invention. First once the user logs into the 
open system host 204, the user requests disk charac- 
teristics for the disk subsystem 202, via step 402. This 
request may be in the form of a schedule. For example, 
so the user may request that certain disk characteristics be 
collected from the disk subsystem 202 every 10 min- 
utes, or every hour. One of the disk characteristics which 
may be requested by the user is disk utilisation. Next, 
the expert 214 sends a request to the specialist 212 for 
55 the disk charact ristics, via step 404. When the user re- 
quests disk utilisation, the xpert 214 request that the 
param ters in the microcod which are relevant to disk 
utilisation b collected. For a computer system 200 
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which uses the ESS disk subsystem, the rel vant mi- 
crocode parameters cbmpris th following: 

T - tim interval in seconds 
N = number of disks in a RAID array 
MR = milliseconds of read tim in the tim int rval 
MW = milliseconds of write time in the time interval 
W = total number of writes in the time interval 
S = number of stride write destages in the time in- 
terval 

[0019] The specialist 212 then collects the parame- 
ters from the microcode according to the request via 
step 406. Next, the specialist 212 transfers the param- 
eters to the expert 214, via step 408. Thus if the user 
requests that disk characteristics be collected every 10 
minutes, then at 10 minute intervals, the parameters 
would be collected from the microcode and sent to the 
expert 214. Each time the expert 214 receives the pa- 
rameters, they are stored in a database (not shown) on 
the open system host 204, via step 41 0. When the user 
is ready to view the disk characteristics, the user re- 
quests a report from the expert 214, via step 412. The 
expert 21 4 then calculates disk utilisation for each disk 
in the array 206 from the parameters stored in the da- 
tabase, via step 414, using the disk utilisation routine 
216. For a computer system 200 which uses an ESS 
disk subsystem, the formula for the average disk utilisa- 
tion per disk is as follows: 



U =1/(1000T*N) • [MR + (MW/2W-S) ' (4*(W-S) + N*S)1 



[0020] The formula is derived based upon the fields 
which are provided by the microcode and their meaning, 
and an understanding of the internal working of the hard- 
ware of the disk subsystem 202. For example, the for- 
mula takes into account how a read, write, and stride 
write destages are performed by the disk subsystem 
202, and how the cache 208 and the disk array 206 are 
involved. For this formula, U is a number between 0 and 
1 . Once calculated, the expert 214 then displays the re- 
port, which includes disk utilisation, via step 416. The 
report may be in a tabular or graphical form. Disk utili- 
sation for each disk in the array 206 may be displayed 
as a percentage, representing the amount of time a disk 
is in use during the interval of time, T 
[0021] The parameters of the microcode described 
above is part of a proposed standard currently before 
the Storage Network Industry Association (SNIA). If the 
parameters are adopted as the standard, then the meth- 
od and system of the present invention may be used to 
conform disk utilisation reporting to this standard. 
[0022] A method and system for providing parameters 
for a disk subsystem to an op n system host has b n 



disclos d. Th method and system is able to provide 
disk utilisation which is understandable to th open sys- 
tem host. The disk utilisation is provided by collecting 
the rel vant parameters from th microcode in the proc- 

s essor of the disk subsystem, and then calculating the 
average disk utilisation per disk based upon the param- 
eters. Thus, an open system host is able to obtain a use- 
ful characteristic for determining the performance of the 
disk subsystem. 

io [0023] Although the present invention has been de- 
scribed in accordance with the embodiments shown, 
one of ordinary skill in the art will readily recognise that 
there could be variations to the embodiments and those 
variations would be within the scope of the appended 

is claims. 



Claims 

20 t. A method for reporting disk utilisation in a computer 
system, comprising the steps of: 

(a) collecting at least one parameter pertaining 
to a disk array in a disk subsystem by a proc- 

25 essor in the disk subsystem; 

(b) transferring the at least one parameter from 
the processor to an open system host; and 

30 (c) calculating disk utilisation based upon the 

at least one parameter. 

2. A method according to claim 1 . wherein the collect- 
ing step (a) comprises: 

3S (a1 ) collecting the at least one parameter by 

a specialist in the processor; 

3. A method according to claim 2, wherein the collect- 
ing step (al) comprises: 

40 

(a 1 i) requesting at least one disk characteristic 
pertaining to the disk array from a user at the 
open system host; 

45 (at ii) sending a request from an expert in the 

open system host to the specialist for the at 
least one parameter, wherein the at least one 
parameter is relevant to the at least one disk 
characteristic; and 

so 

(a1 iii) collecting the at least one parameter by 
the specialist from microcode in the processor 
according to the request. 

55 4. A method according to any preceding claim, where- 
in the transferring st p (b) comprises: 

(b1) transferring the at least on param t r 
from a specialist in the processor to an xpertinthe 
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op n system host. 

5. A method acc rdingt any preceding claim, wh re- 
in the calculating step (c) comprises: 

(d ) calculating the disk utilisation by an ex- 
pert in th _ op n system host based upon the at least 
one parameter. 

6. A method according to claim 5, wherein the calcu- 
lating step (d) comprises: 

(di) receiving the at least one parameter from 
a specialist in the processor; 

(d ii) storing the at least one parameter in a da- 
tabase on the open system host; and 

(c 1 iii) calculating the disk utilisation using a disk 
utilisation routine in the expert. 

7. A computer system, comprising: 

a disk subsystem, comprising: 

a disk array, and 

a processor coupled to the disk array, the proc- 
essor capable of collecting at least one param- 
eter pertaining to the disk array and transferring 
the at least one parameter to an open system 
host; and 

the open system host coupled to the disk sub- 
system, the open system host capable of re- 
ceiving the at least one parameter and calcu- 
lating a disk utilisation based upon the at least 
one parameter. 

8. A system according to claim 7, wherein the proces- 
sor comprises: 

microcode, the microcode comprising the at 
least one parameter and 



a tim interval in seconds (T); 

a number of disks in the disk array (N); 

5 milliseconds of read time in th tim interval 

(MR); 

milliseconds of write time in the time interval 
(MW); 

10 

a total number of writes in the time interval (W); 
and 

a number of stride write destages in the time 
is interval (S). 

1 1 . A method or a system according to claim 10, where- 
in the disk utilisation, U, is obtained from a formula 
U=1/(1000*TN) * (MR + (MW/2W-S) * (4*(W-S) + 

20 N*S)). 

12. A computer readable medium with computer in- 
structions for reporting disk utilisation in a computer 
system, the instructions being for. 

25 

(a) collecting at least one parameter pertaining 
to a disk array in a disk subsystem by a proc- 
essor in the disk subsystem; 

30 (b) transferring the at least one parameter from 

the processor to an open system host; and 

(c) calculating disk utilisation based upon the 
at least one parameter. 

35 



40 



a specialist for collecting the at least one pa- 
rameter from the microcode and transferring *5 
the at least one parameter to the open system 
host. 



9. A system according to claim 7 or 8, wherein the 
open system host comprises: 50 

an expert for receiving the at least one param- 
eter, the expert comprising a disk utilisation routine 
for calculating the disk utilisation based upon the at 
least one parameter. 

55 

10. A method or system according to any preceding 
claim, wherein the at I ast on parameter compris- 

s: 
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